Transdermal cellular membrane penetration of proteins with gold nanoparticles: a molecular dynamics study.
Transdermal delivery, where the skin acts as the route for local or systemic distribution, presents a lot of advantages over conventional routes such as oral and intravenous and intramuscular injections. However, the delivery of large biomolecules like proteins through the skin is challenging due to their size and structural properties. A molecular level understanding of their transport across the skin barrier is desirable to design successful formulations. We have employed constrained and unconstrained coarse grained molecular dynamics simulation techniques to obtain the molecular mechanism of penetration of the horseradish peroxidase (HRP) protein into the skin, in the presence and absence of gold nanoparticles (AuNPs). Unconstrained simulations show that HRP, when considered individually, was not able to breach the skin barrier, while in the presence of AuNPs, it first binds to the AuNPs and then breaches the barrier. The constrained simulations revealed that there was a free energy barrier for HRP to permeate inside the skin lipid layer when taken alone, while in the presence of gold nanoparticles, no barrier was found. Our study opens up the field of computational modeling based design of nanoparticle carriers for a given protein's transdermal delivery.